Abstract
2 referred to as liposomes, were produced using either the unsaturated 1,2-dioleoyl-sn-glycero- 
I. INTRODUCTION

35
In the recent years, small unilamellar vesicles of phospholipids (< µm diameter) have gained 36 increasing interest in various liposome technologies, e.g. as drug delivery systems in 37 pharmacy or as protective cargo capsules for cosmetics, nutraceuticals or for food design 1, 2 .
38
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188
For data visualization and analysis, Gwyddion 2.47 software was also used, as a means to 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 244 with e HG , the headgroup thickness, e CH2 , the aliphatic chain thickness and r the rugosity of the 245 headgroup/water interface.
246
The full analysis demonstrates a contraction of 2Å of both e HG and e CH2 at the gel-fluid cross-sections (Fig 2A) , DPPC could show both rounded and/or somewhat faceted 257 membranes ( Fig 2D) . The presence of angle facets was attributed to the physical gel state of 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 14 hundreds of nm) which corresponded to the size distribution measured by DLS (Fig 2B, E) .
260
For DOPC, the size distribution was monomodal with a mean diameter D h at 120 ± 69 nm 261 (Fig 2.B) . Whereas, DPPC liposomes exhibited a shouldered size distribution with a mean 262 diameter D h of 132 ± 73 nm for the whole distribution (Fig 2.E; Table1) .
263
In the next step, the liposomes were immobilized by adsorption onto silicon to be first 
Mechanical properties of DOPC or DPPC liposomes:
308
In this work, we show that AFM spectroscopy could be used to discriminate and compare the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Reissner 49 then Fery et al. 16, 50 , the Young modulus E of thin-shelled spherical micro-capsule 318 under a point load scales with the bilayer's stiffness, k, which was deduced from the slope of 319 the linear region of each force curve after the tip-membrane contact, i.e. in the small 320 deformation region (Fig 3.B and D) . 
In equation 3, C is a coefficient that accounts for the double deformation of an adsorbed shell relative to the radius of the liposomes ( Table 1 ). Since that dimensions were similar for both 332 the DOPC and DPPC liposomes, C was ~ 0.55 for both types of liposomes.
333
In another way, the mechanical properties of liposomes can be also represented by the 334 bending rigidity k C, which is expressed in terms of the same parameters and is also common in 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
352
The Young modulus was also estimated using the R c of the whole liposome, which involves the local R c using Gwyddion in order to avoid any effect due to the form adopted by the 361 liposomes upon adsorption.
362
In conclusion, the structural differences between the fluid-phase DOPC and gel-phase DPPC especially for DOPC or DPPC using AFM spectroscopy ( 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 60
For which corresponds a bending modulus:
Where the parameters are the same already cited for liposome membranes. In these equations,
396
δ is the indentation distance and R tip is the nominal radius of AFM MLCT tip (~20 nm).
397
The use of contact mechanics using the Hertz model on SLB is limited by the effect of (Table 2) . To conclude,
407
it is showed that membranes in the gel phase were more elastic and stiffer than the SLBs.
414
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VI. APPENDIX:
441
The Young modulus values were also obtained using radius of curvature R C of the whole 442 individual liposomes. It was calculated using H and W of the individual liposomes 67 
443
, as:
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For supported lipid bilayer (Hertz model):
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